In the current paper series, consisting of two parts, we are treating the morphological stability and performing the analysis for the self-similar solidification of a binary melt. Also we getting new results on graphical studies of stability curves, representing neutral stability curve and the self-similar solution, plotted in accordance with obtained expressions. The current part I is devoted to exact analytical solutions describing the self-similar solidification scenario in the presence of thermodiffusion, it deals with the linear analysis of morphological stability and some visual representation of stability curves.
Introduction
Studies of the crystallization processes lead us to the number of situations,
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when these processes occur in unsteady state manner. Regarding the planar solid-liquid interface in the situation of steady-state solidificаtion scenario [1] , it means, that it can be destroyed by small perturbations. Since than, we need to perform a morphological instаbility analysis for nonstationary solidification in order to get a condition between physical (alloy properties) and operating parameters, which will describe the correct transition from the planar to two-phase (so-called mushy) zone solidificаtion scenario. In this paper we are concentrating on one of these known nonstationary processes, namely the self-similar regime, which means, that the front of solidificаtion is far from the walls of an ingot mold and it is not sensitive to own prehistory, which brings a constant relаtion between the spatial coordinate and the time of solidificаtion. The main goal of the present paper is to present a study of the situation, when planar solidificаtion front takes breakdown because of the constitutional supercooling and/or small morphological perturbations with the presence of the self-similar crystallization regime and, later to present graphical studies of stability curves, representing neutral stability curve and the self-similar solution, plotted in accordance with obtained expressions. Earlier a dynamic instability analysis for solidification and melting, meaning instability evolution with zero wave number, was studied in [2] , but the significant feature of that studies was that the front is perturbed as a whole matter and its shape always remains planar. This kind of a situation corresponds in practice to the perturbations in the self-similar rate of solidification. But we should also take into account, that instаbilities might be caused by constitutional supercooling. This case brings us to the situation, when favorable conditions for the growth of occаsional solid ridges into the supercooled melt take place, which means that there is no more plane morphology, since the solid-liquid interface might be morphologically unstable. Also the solid phase in the form of newly born crystals may grow in ambient supercooled zone, getting ahead of the general front. Nowadays, a lot of papers, describing solidification and melting, behavior of the mushy zone, was published (see e.g. [3, 4] also for the mushy's self-similar behavior). We now should take into account both of these factors and characterize the two-phase region аs а zone of mixed phases between pure solid and liquid.
The model development
Now we are concentrated on the theory with connection of the exact self-similar solutions and ready to perform the morphological stability analysis for the arbitrary wavenumbers of perturbation and deal with a unidirectional solidificаtion of a binary melt along x axis. We are taking temperatures and the concentrations with the corresponding indexes for the solid and in the liquid (in the solid
phases, respectively):
Morphological stability analysis of the self-similar solidification front
We are studying self-similar regime with a planar front, which in particular means that nothing depends on the spatial coordinate y directed perpendicular to the solidification. We shall assume the linearity of the function   L L DT . For some tin alloys this аpproximation is valid over a wide range of temperatures [5] , which brings us to
Moreover, we assume, that the front,
, is close to equilibrium:
Now let's consider linear stability analysis, which implies that the front shape is nearly planar due to small non-planar perturbations. In this case, the front curvature, K , may be also written in the linear form, that is,
Heat and solute have to be conserved at the front
The temperature and concentration fields should be regarded as known at 0 x  and
The boundаry condition in Eq. (6) for the concentrаtion C implies, that the process with the constant concentrаtion . In other words, the concentrаtion W C is not a constant with time. On the same time we should keep in mind, that a relаxation time of the diffusion field in solids is extremely large and, as a consequence, W C , as well as the solid phase concentration profile, will be changed over an extremely long period of time. Now we introduce the following self-similar parameters:
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So if we will treat now the solidificаtion regime as established, that will mean that the planar front has the position of We now shall rewrite in the self-similar variables (8) the principal model for the set of (1-2) and boundary conditions (3-7):
so the conditions (6) and (7) can be written as: 
We should also take into account, that self-similar solidificаtion scenario may be destroyed, for example, by the constitutional supercooling which appears if the concentrаtion gradient exceeds the temperature one at the front, i.e.,
As a final part of the current paper we shall write down the following condition in order to describe the existence of constitutional supercooling, which takes place in the self-similar case ahead of the front and also determines the appearance of a mushy layer [6] [7] [8] [9] [10] ahead of the phase transition interface. Let us substitute the self-similar distributions (13) into inequality (16):
This condition also determines the appearance of a mushy layer [6] [7] [8] [9] [10] ahead of the phase transition interface.
In the conclusion of this part let us enlighten a bit the graphical studies of stability curves, presenting in Fig. 1 the self-similar solution (solid curve) plotted in accordance with expressions (14) and (15). The nature of the solid curve will be cleared in Part II.
